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DQGD WUDFNRI VROLGPDWHULDO D FODG LV IRUPHG0RYLQJ WKHQR]]OHDFFRUGLQJ WRDSUHGHWHUPLQHGSDWKDOORZV WKH
FUHDWLRQRIWKHGHVLUHGQHDUQHWVKDSHSURGXFW
7KH TXDOLW\ RI WKH FODGGHG OD\HUV LV VWURQJO\ GLFWDWHG E\ WKH WHPSHUDWXUH KLVWRU\ RI WKH VXEVWUDWH GXULQJ WKH
PDQXIDFWXULQJSURFHVV$ORWRIUHVHDUFKLVWKHUHIRUHGLUHFWHGWRZDUGVWKHGHVLJQRIHIIHFWLYHPHOWSRROPRQLWRULQJ
PHWKRGV ZKLFK FDQ DFTXLUH UHOLDEOH WHPSHUDWXUH LQIRUPDWLRQ SRVVLEO\ WR EH XVHG LQ DXWRPDWLF IHHGEDFN FRQWURO
V\VWHPV6DOHKLDQG%UDQGW%LHWDO6RQJDQG0D]XPGHU$VDSRRORIOLTXLGPHWDOSUHVHQWVD
GHVWUXFWLYHHQYLURQPHQWIRUW\SLFDOFRQWDFWWHPSHUDWXUHVHQVRUVDQGWKHPHOWSRROSURSHUWLHVWKHPVHOYHVZRXOGDOVR
EH GLVWXUEHG E\ VXFK D VHQVRU D FRQWDFWOHVV PHDVXUHPHQW V\VWHP LV SUHIHUUHG ,Q WKH SDVW PXOWLZDYHOHQJWK




%HFDXVH WKLV LQIRUPDWLRQ LVXVXDOO\QRWDYDLODEOHDQDVVXPSWLRQVXFKDV WUHDWLQJ WKHREMHFWDVDJUD\ERG\
QHHGV WREHXVHGZKLFK LVQRW DOZD\VDSSURSULDWH7KHXVHRI DS\URPHWHU DV D WHPSHUDWXUHPHDVXUHPHQWGHYLFH
SUHVHQWVVRPHDGGLWLRQDOGUDZEDFNVVXFKDV WKHGLIILFXOW\RIIRFXVLQJRQDYHU\VPDOOVSRWZLWKDNQRZQORFDWLRQ
DQGDKLJKVHQVLWLYLW\WRQRLVH
,Q WKLV SDSHU WKH XVH RI D K\SHUVSHFWUDO OLQH FDPHUD LV SUHVHQWHG DV DPHDQV WR REWDLQ WKH VSHFWUD RI D ODUJH
QXPEHURIFORVHO\VSDFHGSRLQWVDWPDQ\GLIIHUHQWZDYHOHQJWKV7KHWHPSHUDWXUHVRIWKHSRLQWVFDQEHGHGXFHGIURP
WKH VSHFWUD XVLQJ D VXLWDEOH FXUYH ILWWLQJ PHFKDQLVP WKHUHE\ VLJQLILFDQWO\ LQFUHDVLQJ WKH VLJQDOWRQRLVH UDWLR
FRPSDUHGWRPHWKRGVWKDWXVHRQO\DVPDOOQXPEHURIZDYHOHQJWKV+RZHYHUWKHELJJHVWDGYDQWDJHRIWKLVV\VWHPLV
WKDWLWUHVXOWVLQDWHPSHUDWXUHSURILOHRIWKHPHOWSRROVXUIDFHZLWKDYHU\KLJKVSDWLDOUHVROXWLRQ6XFKWHPSHUDWXUH
SURILOHVSUHVHQWXVHIXO LQIRUPDWLRQDERXW WKHFKDQJHRI WHPSHUDWXUH LQVLGH WKHPHOWSRROZKLFK LVQRWSUDFWLFDO WR
REWDLQZLWKWKHXVHRIS\URPHWHUVDORQH
7KH SDSHU VWDUWV E\ SUHVHQWLQJ WKH HTXDWLRQV QHHGHG IRU GHWHUPLQLQJ WKH DEVROXWH WHPSHUDWXUH IURP D
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7KH HPLVVLYLW\ LV ZULWWHQ GRZQ DV DQ H[SOLFLW IXQFWLRQ RI Ȝi WR HPSKDVL]H WKDW LW LV D ZDYHOHQJWK GHSHQGHQW
TXDQWLW\$IUHTXHQWO\PDGHDVVXPSWLRQ LV WKDW WKHHPLVVLYLW\ LVZDYHOHQJWK LQGHSHQGHQW LQ WKHVSHFWUDO UHJLRQRI
LQWHUHVW7KLVOHDGVWRWKHVRFDOOHGJUD\ERG\GHVFULSWLRQLQZKLFKİȜLVHTXDOWRDFRQVWDQWYDOXH
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VWDLQOHVV VWHHOV IRU VPDOOHU ZDYHOHQJWKV XS WR WKH QHDU LQIUDUHG DQG YLVLEOH UHJLRQ &REOHQW] DQG 6WDLU 
<RVKLKDUX DQG+LGHR <RVKLKDUX =ZLQNHOV HW DO .QRZLQJ WKDW WKH HPLVVLYLW\ FDQ QHYHU EH
ODUJHUWKDQDQXSSHUERXQGIRUİȜFDQEHZULWWHQDVDGHFUHDVLQJIXQFWLRQRIZDYHOHQJWKZLWKDYHUDJHYDOXHİ
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7KH PHDVXUHPHQWV ZHUH SHUIRUPHG ZLWK D 63(&,0 3)' 9( K\SHUVSHFWUDO OLQH FDPHUD 7KH FDPHUD LV
VHQVLWLYH LQ WKHYLVLEOHDQGQHDU LQIUDUHG91,5UHJLRQIURPQPWRQP ,WFDQPHDVXUH WKHVSHFWUDRID
ODUJHQXPEHURIDGMDFHQWSRLQWVRQD OLQHZLWKDVSHFWUDO UHVROXWLRQRIQPSL[HODQGDVSDWLDO UHVROXWLRQRI
PSL[HO7KHVSHFWUXPRIHDFKVSDWLDOSRLQWFDQEHXVHGWRHVWLPDWHWKHFRUUHVSRQGLQJWHPSHUDWXUHXVLQJWKHOHDVW
VTXDUHVPLQLPL]DWLRQ DSSURDFKGHVFULEHG LQ6HFWLRQ7KH LPDJHV FRQWDLQLQJ WKH VSHFWUDZHUH FDSWXUHGZLWK DQ
H[SRVXUH WLPH RI  V DW D IUDPH UDWH RI  IUDPHV SHU VHFRQG DQG WUDQVIHUUHG WR D IUDPH JUDEEHU RYHU D
&DPHUD/LQNLQWHUIDFHIRUVWRUDJHDQGDQDO\VLVRQDSHUVRQDOFRPSXWHU7KH0$7/$%VRIWZDUHZDVXVHGWRSHUIRUP
WKHQRQOLQHDUOHDVWVTXDUHVFDOFXODWLRQV
$Q DEVROXWH FDOLEUDWLRQRI WKH FDPHUDZDV SHUIRUPHGE\PHDVXULQJ WKH VSHFWUXPRI DQ2SWURQLF/DERUDWRULHV
2/LQWHJUDWLQJVSKHUHFDOLEUDWLRQVRXUFHZLWKDKDORJHQODPS7KHVDPHVSHFWUXPZDVPHDVXUHGZLWKD1,67
WUDFHDEOH -(7, 6SHFERV  VSHFWURUDGLRPHWHU 7KH UDWLR RI WKHVH WZR VSHFWUD FDQ WKHQ EH XVHG WR FRUUHFW WKH
PHDVXUHPHQWVPDGHGXULQJWKHDFWXDOH[SHULPHQWVEHIRUHUXQQLQJWKHWHPSHUDWXUHHVWLPDWLRQDOJRULWKP
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)LJ6LGHYLHZOHIWDQGWRSYLHZULJKWRIWKHPHDVXUHPHQWVHWXS







,Q WKLVVHFWLRQ WKH WHPSHUDWXUHDQGHPLVVLYLW\PHDVXUHPHQWVIRUDQXPEHURIH[SHULPHQWVDUHSUHVHQWHG)LUVW
WKHDFFXUDF\RIWKHPHDVXUHPHQWVHWXSLVLOOXVWUDWHGZLWKDODVHUPHOWLQJSURFHVV7KLVLVDVWHDG\SURFHVVZLWKYHU\
VPDOO IOXFWXDWLRQVDQGFDQEHXVHG WRYDOLGDWH WKH UHVXOWV$GGLQJDSRZGHU IORZ WR WKHSURFHVV UHVXOWV LQQRLVLHU
PHDVXUHPHQWVZKLFKVWLOOFRQWDLQYDOXDEOHLQIRUPDWLRQRIWKHPHOWSRROVXUIDFHWHPSHUDWXUH
4.1. Laser melting 














RI URXJKO\  7KH WHPSHUDWXUH GHFUHDVHVPRQRWRQRXVO\ WRZDUGV WKH ERXQGDU\ RI WKHPHOW SRRO EXW D UHODWLYH










/RRNLQJ DW )LJ E LW FDQEH VHHQ WKDW WKH HPLVVLYLW\ UHPDLQV UHODWLYHO\ FRQVWDQW RYHU WKH FRPSOHWHPHOW SRRO
VXUIDFH$VPDOOLQFUHDVHZLWKWHPSHUDWXUHFDQEHQRWHGZKLFKPD\EHGXHWRDVPDOOWHPSHUDWXUHGHSHQGHQFHRI
WKHHPLVVLYLW\DQGRUDFXUYDWXUHRIWKHPHOWSRROVXUIDFH,WPXVWEHUHPHPEHUHGWKDWWKHUHSRUWHGHPLVVLYLW\YDOXHV
DUHQRWQRUPDO HPLVVLYLWLHVEHFDXVH WKHFDPHUD ORRNVDW WKHPHOWSRROZLWKDQRQ]HURDQJOHRI DSSUR[LPDWHO\
GHJUHHV 6LQFH WKHSRVLWLRQRI WKH FDPHUDZLWK UHVSHFW WR WKHPHOW SRRO LV IL[HG D ORFDO FKDQJHRI WKHPHOW SRRO
VXUIDFHQRUPDOUHVXOWVLQDFKDQJHLQWKHPHDVXUHGHPLVVLYLW\1HDUWKHERXQGDU\RIWKHPHOWSRRODVPDOOLQFUHDVH





















QRWDVFOHDUO\YLVLEOHDV LQ WKHORZSRZHUFDVHEXW LWFDQVWLOOEHREVHUYHGDVDVXGGHQFKDQJHLQ WKHVORSHRI WKH








RQ WRS RI WKH VXEVWUDWH ,W LV QRW VWUDLJKWIRUZDUG WR GLUHFWO\ FRPSDUHPLFURVFRSH LPDJHV RI WKHZRUNSLHFH WR WKH
WHPSHUDWXUHPHDVXUHPHQWVPDGHGXULQJWKHFODGGLQJSURFHVVEHFDXVHWKHGHSRVLWHGFODGVW\SLFDOO\EXOJHRXWDELW


























PHOWLQJDQG ODVHU FODGGLQJZLWKDK\SHUVSHFWUDO OLQHFDPHUD7KH V\VWHP LV DEOH WRPHDVXUHDEVROXWH WHPSHUDWXUH
YDOXHVLQWKHOLTXLGUHJLRQRIDPHOWSRRORI$,6,/VWDLQOHVVVWHHOZLWKDQXQFHUWDLQW\RIFD7KHPHOWSRRO
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